Relationships between surface roughness/stiffness of chitosan coatings and fabrication of corneal keratocyte spheroids: Effect of degree of deacetylation.
Fabrication of the cell spheroids from corneal keratocytes has important implications to the advance in tissue engineering while stimulation from the interface of a biopolymer coating has the ability to modulate this event. This study aims to investigate the dependence of keratocyte migration, proliferation, and differentiation on the surface roughness/stiffness of the chitosan coatings through modifications by degree of deacetylation (DD). After a series of deacetylation process, chitosan coatings with increasing DD exhibited significantly decreased surface roughness and increased surface stiffness. Relationships between the behaviors of rabbit corneal keratocytes (RCKs) and biopolymer coatings with varying DDs (between 75% and 96%) were also found during in vitro cultivation. Both the surface roughness increase and stiffness decrease could lead to enhanced cell migration, which is the main driving force for the early stage spheroid formation on chitosan substrates (e.g., within 8h). With these stimulations from the substrate interfaces, the size and morphology of RCK spheroids were greatly affected by the DD of chitosan. When fabricated on a lowered DD of chitosan material, the spheroids had a larger size with abundant extracellular matrix produced around the cells. At a later stage of spheroid cultivation (e.g., 5 days), significantly higher amount of RCKs on chitosan coatings was noted with increasing DD, indicating the substrate interface effects on cell proliferation. The keratocan expression of RCK spheroids grown on a lowered DD of chitosan was up-regulated, suggesting that both the surface roughness increase and stiffness decrease may facilitate the microenvironment for preservation of cellular phenotype. Overall, our work contributes to the scientific understanding of the keratocyte behaviors and spheroid fabrications in response to DD-mediated surface roughness/stiffness of chitosan coatings.